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Japanese Unexamined Patent Publication No. 281583/1989 
[Title of the Invention] A method and an apparatus for 
detecting a concave and convex shape. 
3. DETAILED DESCRIPTION OF THE INVENTION 
5 [Summary] 

The present invention relates to a method and an 
apparatus for detecting a shape of concave and convex areas 
in order to detect a pattern of the concave and convex areas 
of a fingerprint or the lilce. An object of the present 

10 invention is to reduce an apparatus in size and thickness 
and to simplify the structure of the apparatus. The 
invention provides a method and an apparatus for detecting 
a shape of concave and convex areas of a testing substance 
by optically recognizing scattered signal lights from the 

15 concave and convex areas at the surface of the testing 
substance when this testing substance is irradiated with the 
light. In these methods and apparatuses, a light source is 
provided to irradiate the testing substance from the 
surfaces other than the contact surface thereof with an 

20 optical waveguide and the light transmitted within the 

testing substance is used as the scattered signal light from 
the concave and convex areas at the surface of the testing 
substance . 

[Industrial Field of Utilization] 
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The present invention relates to a concave and convex 
shape detecting method and an apparatus for detecting a 
pattern of concave and convex areas such as a fingerprint. 

As a method of recognizing individuals, a fingerprint 
5 matching method is widely utilized. In this fingerprint 
matching method, since a fingerprint is generally used as 
an image, an input device for converting a fingerprint to 
an image data is essentially necessary. 
[Prior Art] 

10 A fingerprint is. formed as a pattern of concave and 

convex areas and Fig. 6 illustrates the basic principle for 
detecting various patterns of concave and convex areas. 
When a finger (10) is put on one surface 13 of a transparent 
flat plate (optical waveguide) 11, the convex areas 

15 (protuberant areas of fingerprint) are in contact with the 
finger but the concave areas are not in contact. 

As illustrated in Fig. 7A, when the light rO is 
radiated from the lower side through a transparent plate 11 
not to generate total-reflection for the surface 13 on which 

20 the finger (10) is placed, the light emitted from the 
transparent flat plate 11 to hit the concave area P is 
scattered to various directions, but these scattered lights 
disappear completely in further areas passing through the 
flat plate again (light rl) . Meanwhile, the light hitting 

25 the convex area Q is scattered in the various directions 
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within the flat plate 11 and a part of the scattered lights 
is emitted from the flat plate (light r2) , but a part thereof 
is transmitted within the flat plate due to the 
total-reflection (light r3) . A pattern of convex areas 

5 (fingerprint image) can be obtained by focusing this 

full-reflection element with an adequate optical gauge. 

Meanwhile, as illustrated in Fig. 7B, when the light 
rO is radiated from the inside of flat plate to the flat 
surface 13 on which the finger 10 is placed to result in the 

10 condition of total-reflection, the concave area P is not 
irradiated with the light but only the convex area Q is 
selectively irradiated. However, since a finger of a man 
allows partial transmission of light, the light hitting the 
convex area Q is transmitted within the finger and returns 

15 to the concave area P as illustrated with the light r4 . As 
a result, the concave area P also emits the light. 
Accordingly, like the case illustrated in Fig. 7A, the light 
elements rl, r2 and r3 are also generated in Fig. 7B. 
Therefore, a pattern of convex areas can also be obtained 

20 by constituting an optical system which is capable of 
focusing the light element of only r3 . 

In any case described above, both concave area P and 
convex area Q of a finger are working as the light emitting 
bodies. As described above, a lighting means for 
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irradiating finger with light is necessary to obtain a 
fingerprint image {image of concave and convex areas) . 
[Problems to be Solved by the Invention] 

In the conventional apparatus, a light source is 
5 usually placed in the lower side of a transparent flat plate, 
namely in the opposite side of a finger. Moreover, the light 
source is placed in the side of the transparent flat plate 
11 or within the flat plate in the case of Fig. 7B. 

In any case, such apparatus structure has been 
10 considered as a factor for preventing realization of 
simplified structure . 

An object of the present invention is to realize 
reduction in size, simplification and particularly 
reduction in thickness of the apparatus by providing the 
15 light source in the same side as a testing substance 
( finger) . 

Since the testing substance occupies the 
predetermined space in one side of the transparent flat 
plate, the space required for provision of light source does 
20 not substantially increases and reduction in thickness can 
be realized by allocating the light source and testing 
substance are allocated within the same space. 
[Means for Solving the Problems] 

If a substance including concave and convex areas has 
25 the transparency and transmissivity to the light for the 
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lighting purpose and also has the light scattering property 
(a finger of a man is also considered as such substance) , 
it is possible, as illustrated in Fig. 1, that a substance 
including concave and convex areas 10 is irradiated with a 

5 light rO from an external side thereof and a part of the light 
r4 transmitted within the substance is emitted from a 
concave area P and a convex area Q. When the substance 
including concave and convex areas is placed in contact with 
an optical waveguide (transparent flat plate) 11 and is 

10 irradiated with the light, the light elements rl, r2 and r3 
are generated as in the cases of Fig. 7A and Fig. 7B and a 
pattern of convex areas can be obtained by focusing the r3 
element . 

The present invention is based on the concept 
15 described above. According to the present invention, there 
is provided a method for detecting shapes of concave and 
convex areas of substance by placing a testing substance, 
which can at least partially transmit the light and has the 
light scattering property, in contact with one flat surface 
20 of an optical waveguide and then optically identifying the 
scattered signal lights reflected from the convex and 
concave surfaces of the substance generated when the testing 
substance is irradiated with the light. The method for 
detecting shapes of concave and convex surfaces of substance 
25 of the present invention has the following structural 
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character istic that the testing substance is irradiated 
from the surfaces other than the contact surface with the 
optical waveguide and the light transmitted within the test 
substance is utilized as the scattered signal lights from 
5 the convex and concave surfaces of the substance . 

Moreover, the apparatus of the present invention for 
implementing this method has the structural characteristic 
that a positioning guide is provided for positioning the 
testing substance on the predetermined contact surface of 
10 the optical waveguide and a light source for lighting is 
embedded within this positioning guide. 

Preferably, the apparatus of the present invention is 
utilized for detecting a fingerprint. 

More preferably, the positioning guide 
15 includes a vacant space for the positioning to which 
a finger is inserted and is provided with a light 
detecting device for detecting a biological body 
comprising a light emitting element and a light 
receiving element which are provided oppositely in 
20 both sides of the vacant space for the positioning. 

The light source can also be used as the light 
emitting element of the light detecting device for 
detecting a biological body. 
[ Operat ion] 

25 When a substance including concave and convex 
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areas is irradiated with the light from the surfaces 
other than the contact surface with the optical 
waveguide 11, compact design can be realized because 
an optical system consisting of an optical waveguide 

5 and an optical focusing system or the like can be 
isolated from the lighting system. The position 
where the substance including concave and convex 
areas is placed in contact with the optical 
waveguide can be designated using the positioning 

10 guide or the like; however, increase in the area 
physically occupied with the lighting system can 
substantially be eliminated by integrally forming 
the lighting system into the positioning guide. 
Particularly, when the apparatus of the 

15 present invention is used as a fingerprint sensor, 
the apparatus itself is embedded within an entrance 
door, for example, of a computer room. Accordingly, 
this apparatus need essentially be reduced in 
thickness. In this case, when the light source is 

20 allocated in the same side as a finger, this area 
does not take a part in the thickness of optical 
waveguide because this area is initially a space in 
front of the door. 
[Preferred Embodiment ] 

25 As a preferred embodiment of the present 
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invention, an example of obtaining a fingerprint 
image by placing a finger in contact with an optical 
waveguide will be described with reference to Fig. 
2 and the other subsequent drawings. Here, the 

5 processes that the light is radiated from the convex 
area of fingerprint and transmitted by the total 
reflection within the optical waveguide 11 and it 
is then obtained as an image by the optical focusing 
system are eliminated from description because 

10 these processes are not related in direct from the 
present invention. 

The surface 13 of the optical waveguide 11 with 
which a finger 10 is placed in contact forms a part 
of the focusing system. Therefore, the finger 

15 contact position (position where the finger is 

placed) is limited within the predetermined region. 
Accordingly, a guide 21, which is dug almost in the 
U-shape corresponding to the shape of a finger as 
illustrated in Fig. 3, is used so that the finger 

20 can surely be placed on the designated position. 
The external shape of guide 21 is formed, 
although not particularly restricted, for example, 
as a rectangular plate including the vacant space 
22 for positioning almost in the U-shape as 

25 illustrated in Fig. 3. The guide 21 is fixed to the 
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pr edet ermined area of the optical waveguide 11, 

Within the guide 21, the LEDs 23 are allocated 
as the light sources to irradiate a finger from both 
side surfaces of the vacant space 22. 

5 The LEDs 23 are fixed within a concave groove 

24 formed in both sides of the guide 21 and are placed 
within an aperture coupled to the concave groove 24, 
more preferably to an aperture 26 which is spread 
as it goes to the end part in order to widen the range 

10 of radiation. The LED 23 may be used as a pair 
thereof or as a plurality of pairs thereof (Fig. 3) . 
As the light source, a light bulb, a small lamp or 
the like can be substituted for LED based on the 
principle . 

15 The lights from the LEDs 23 enter the inside 

of a part of finger from the side surfaces of the 
finger (element r4) and are transmitted to the 
contact surface 13 with the optical waveguide 11. 
Accordingly, the finger itself works as the light 

20 emitting body and the information of the convex area 
Q can be transmitted within the optical waveguide 
11. The wavelength of the LED 23 used should be 
selected from the bandwidth which is absorbed as 
little as possible within the finger (for example, 

25 infrared or near infrared light is preferable) , The 
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LED 23 equally irradiates the contact surface of 
finger from both sides thereof. As the LED 23, an 
LED array 25 which is extending in the longitudinal 
direction of the finger as illustrated in Fig. 4 can 

5 be used . 

When the present invention is used as a 
fingerprint sensor, detection of a biological body 
to determine whether a finger does not a duplicate 
one, for example, made of rubber material or 

10 certainly a finger of a man can also be performed. 
Fig. 5 illustrates an embodiment of such biological 
body detecting method. When the finger 10 is 
irradiated with the light rO from one side surface, 
the light r5 is transmitted through the inside, and 

15 this light is emitted from the opposite side thereof. 
Since the emitted light r6 is amplitude-modulated, 
as is well known, with periodical change of 
distribution of the red blood cell (erythrocyte) due 
to the pulse in a biological body, the testing 

20 substance can be proved as a finger of a biological 
body when such period is within the predetermined 
range (frequency bandwidth of pulse of a man) . Such 
biological body detecting method is widely known. 
In order to execute such biological body detection, 

25 it is necessary to provide the light emitting 
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element as the light source and the light receiving 
element in both sides of the finger. Accordingly, 
the light source for such biological body detection 
can be used also as the light source (LED 23) for 
5 fingerprint detection described above and moreover 
the light receiving element 28 can be mounted to the 
position of the right side LED 23 as illustrated in 
Fig . 1 . 

In Fig. 5, the light source 23 is provided only 

10 in one side of the finger. In this case, symmetry 
of the light is lost but since the light elements 
rl, r2, r3 in Fig. 1 are also generated, any basic 
problem for implementation of the present invention 
does not occur. 

15 The light receiving element 28 is coupled to 

a light detecting device 30 which is well known by 
itself. The biological body detecting method using 
the light detecting device 30 itself is not intended 
as the object of the present invention and therefore 

20 description thereof is eliminated here. 

In above description, the optical focusing 
system has been constituted using the transparent 
optical waveguide (parallel flat plate) 11, but the 
present invention can also be applied when a prism, 

25 which has been used in the prior art, is used as the 
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optical waveguide in place of the flat plate. 
[Effect of the Invention] 

As described above, according to the present 
invention, since the lighting system for the testing 

5 substance including concave and convex areas is 
provided independent of the optical system 
(including the optical waveguide) for focusing a 
pattern of convex areas, further the optical system 
has been reduced in size and the optical waveguide 

10 can particularly be reduced in thickness. 

Moreover, since the lighting system can be 
embedded within the contact position designating 
guide of the testing substance including concave and 
convex areas, the physical volume occupied with the 

15 lighting system can substantially be eliminated. 

In addition, the light source for lighting the 
testing substance including concave and convex 
areas can also be used as the light source for 
biological body detection when the present 

20 invention is introduced into the fingerprint 

detection, the multiple function can be obtained 
with compact design. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating the basic 
25 principle of the present invention. Fig. 2 is a 
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diagram illustrating an embodiment of the present 
invention. Fig. 3 is a plan view illustrating a 
guide for designating the input position. Fig. 4 
is a perspective view illustrating an LED array as 

5 the light source for lighting. Fig. 5 is a diagram 
illustrating the embodiment when the present 
invention is applied to the biological body 
detection. Fig. 6 is a diagram illustrating the 
basic principle of the well known fingerprint input 

10 device. Fig. 7A and Fig. 7B are diagrams for 

illustrating the lighting system for separating the 
concave and convex areas information lights in the 
prior art . 

15 10 . . . Testing substance 

11 ... Optical waveguide 

13 ... Contact surface 

2 1 ... Guide 

P ... Concave area 
20 Q . . . Convex area 
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Fig . 1 

Basic Principle of the Present Invention 

Fig . 2 
5 Embodiment 

To power source To power source 

Fig . 3 

Guide for Designating Input Position 

10 

Fig . 6 

Fingerprint Input Device 
Fig. 7A 

15 Lighting method for isolating concave and convex 
areas information lights in the prior art 

Fig. 7B 

Lighting method for isolating concave and convex 
20 areas information light in the prior art 
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